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To d a t e  t h e  use  of l a se r s  i n  space programs h a s  
been h i g h l y  exper imenta l .  Two c a t e g o r i e s  o f  a p p l i c a t i o n s  
have been a t tempted ,  ranging  and voice  communication. The 
ranging  s y s t e m s  have been more s u c c e s s f u l  and a re  be ing  con- 
t i n u e d .  The s i n g l e  vo ice  communication experiment f a i l e d  
t o  achieve  i t s  o b j e c t i v e s .  

Lase r  Ranging Experiments 

Exp lo re r  S a t e l l i t e s :  Exp lo re r  22 (Beacon-Explorer-B) launched 
on October 1 0 ,  1964;  Exp lo re r  27 (Beacon-Explorer-C) launched 
on Apci l  29 ,  1965;  Exp lo re r  29 (GEOS-A) launched on November 6 ,  
1965; and Explorer  36 (GEOS-B) launched on January 11, 1968.  
All. of  t h e s e  s a t e l l i t e s  c a r r i e d  o p t i c a l  r e t r o - d i r e c t i v e  c o r n e r  
r e f l e c t o r s  t o  r e f l e c t  l a s e r  beams o r i g i n a t e d  from a g r o u n d  
s t a t i o n .  The range measurements are ob ta ined  by measuring t h e  
t i m e  l a p s e  between t h e  t r a n s m i t t e d  and r ece ived  l a s e r  p u l s e s .  
D e s c r i p t i o n s  of  t h e  laser ranging  experiments  for t h e  Exp lo re r  2 2  
and Explorer  29 mis s ions  a re  a t t a c h e d ;  t h i s  i n fo rma t ion  was 
e x t r a c t e d  from N A S A  nevs re leases  (Attachxent'  1 and 2 ) .  A more 
d e t a i l e d  d e s c r i p t i o n  of t h e s e  experiments  and some r e s u l t s  of  

. t h e  t r ack in ;  experiments  with t h e  Explorer  27  and Exp lo re r  29 
s p a c e c r a f t  appeared i n  t h e  November 1967  i s s u e  of  IEEE J o u r n a l  
o f  Quantum E l e c t r o n i c s .  The t i t l e s  and a u t h o r s  o f  a p p l i c a b l e  
pape r s  a re :  

Laser  ranging  experiments  were c a r r i e d  by f o u r  

1. "A Laser S a t e l l i t e  Ranging System - P a r t  I: 
Equipment Design," by T.  S.  Johnson, H .  H.  P l o t k i n ,  
and P. L. Spadin.  

2. "A Laser S a t e l l i t e  Ranging System - P a r  11: Analys is  
of t h e  GSFC Laser Ranging Dzta," by S.  J .  Moss 
and \I. T. t le l ls .  
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w i t h  i t s  t e l e v i s i o n  camera aimed i n  t u r n  a t  the Ear th .  The 
v ideo  in fo rma t ion  from t h e  Surveyor t e l e v i s i o n  s y s t e m  was 
t h e n  t r a n s m i t t e d  t o  E a r t h  v i a  i t s  r e g u l a r  micro9:ave communi- . 
c a t i o n  s y s t e m .  The d e s c r i p t i o n  of the  experiment ,  from a 
NASA news r e l e a s e ,  and a photograph of t h e  image t a k e n  b y  t h e  
Surveyor  t e l e v i s i o n  camera a r e  a t t a c h e d  as Attachment 3 .  A 

January  2 2 ,  1968 i s s u e  of t h e  New York T i m e s  and i s  a l s o  
. more d e s c r i p t i v e  a r t i c l e  o f  t h e  experiment appeared i n  t h e  

. a t t a c h e d  as Attachment 4 .  I’ 
I 

- .  

Voice Communications Experiment 

A l a s e r  vo ice  communication experiment was c a r r i e d  
on the  Gemini VI1 s p a c e c r a f t .  Three ground s t a t i o n s  l o c a t e d  
a t  White Sands, N e w  Mexico, Ascension I s l a n d ,  and t h e  Hawaiian 
I s l a n d s ,  were implemented f o r  conduct ing t h e  exper iment .  
B r i e f l y ,  an Argon laser  beacon was aimed a t  t h e  o r b i t i n g  
Gemini S p a c e c r a f t  by s l a v i n g  t h e  l a s e r  t e l e s c o p e  t o  a C-band 
radar a t  t h e  same s i t e .  The a s t r o n a u t  onboard t h e  s p a c e c r a f t  
was t o  seek v i s u a l l y  t h e  beacon s i g n a l  by s i g h t i n g  through a 
t e l e s c o p e  which was bores igh ted  t o  t h e  s p a c e c r a f t  l a s e r  t rans-  
mi t t e r .  Upon r e c e i v i n g  t h e  beacon s i g n a l ,  t h e  a s t r o n a u t  was 
t o  e i t h e r  send a 100 p u l s e s  pe r . s econd  data t r a i n  o r  an 8 ,000  
p u l s e s  pe r second  s i g n a l  which was capable  o f  conveying audi-o 
back t o  t h e  ground s t a t i o n .  The l aser  t r a n s m i t t e r  on the 
s p a c e c r a f t  c o n s i s t e d  o f  a n  array o f  f o u r  g a l l i u m  a r s e n i d e  diode 
lasers  wi th  a t o t a l  peak power of 20 watts;  t h e  modulat ion 
method used was p u l s e  frequency modulat ion.  

With t h e  excep t ion  of s i g h t i n g  t h e  ground t r a n s m i t t e d  
beacon s i g n a l  by  t h e  a s t r o n a u t ,  t h e  experiment was no t  success-  
f u l .  

The f a i l u r e  was . t h e  r e s u l t  o f :  

1. The change i n  Gemini VI1 f l i g h t  p l a n  which 
e l i m i n a t e d  t h e  des i r ed  ground coverage from 
White Sands.  T h i s  s t a t i o n  vas  planned as t h e  
primary experiment  s t a t i o n  and was equipped , 

w i t h  t h e  b e s t  i n s t r u m e n t a t i o n .  . .  

2. Ground equipment f a i l u r e  a t  t h e  Ascemion  
and Hawaii s t a t i o n s .  

I * 
I 
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3. Bad weather cond i t ions  over  some of 
;during-  some s p a c e c r a f t  passages.  

An exce rp t  of t h i s  experiment taken 

t h e  ' s t a t i o n s  

from 
. NASA Gemini VI1 Post-Nission Report i s  a t t a c h e d  as 

2 0 3 4 - RKC- ev 
Attachments 1-5 

. 

t he  o f f i c i a l  
Attachment 5 .  

? 
I 
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. .  . .  Laser Corner Reflectors.  . 

. .. . 0 .  . .  
. Quartz-cube corner ref3.cctdrs1 or' priu'ms , on'  the  satellite . 

. .  t I 
* . . .  

. . . .  ~1.11 be used for '  o p h c a l l y  keasuring Fhe s a t e l l i t e  range and * . .  . * . .  I 4 

* I 

. 0 ,  
I 

- . .  . .  
. . a n g L e ,  . .. 

. .  *. 
. .  . TIE 322 cubes, mounted on f i b e r g l a i s  .panelk, w i l l  r e f l e c t  * . .  

I 

' pulsed beams. of Tight directed a t  &e s a t e l l i t e  by ground laser  
* -  

-1 Re f l e  c t b d 
.. t 

t ransmi t te rs  wheq the' s a t e l i l t e  I s  withi  

. .  Another system bhotoirapho I the  ' ref lected l a s e r .  pulse  against , 

* * 8 .  . 
.* t!he s t e l l a r  b a c k r o u n d .  ' . . I !  0 

. .  
Tota l  t r a v e l  t i n e  .of the  l i g h t  .pulse;; 1 from ground .to 

. .. . 
. s a t e l l i t e  and back $0 the  groun8, is a neasurc I 'of the &-stance 

.. 
.. . * -  a * .  , . .  . -:.. 

t o  Vne d a t e l l i t c  and ' - thm f o r m  the'basis of the s a t e l l i t e  - .  . . .  
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. s igna l0  a h c d  a t  ik from'a l a s e r  t r a n s m i t t e b .  
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* - Mounted o@n t he .  s a t e l . l i t e t s  body are 360 one-inch glaos 
I 

- .  
prioms .called "cube-corner" r e f l e c t o r s .  Tnese are c o n s t r u c t e d  1 
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. .  Attachment 2 
. \ I  

e x t r a t t c d '  from: 

XASA Itelease :Io: 611-237 
- .  

- 1  
- I  

I 
. 

Dated: act. 11, 1364 ' . 

Project.: 3eacon Ex?iore'r-a ( X - 3 )  , 
S u j s c q u e n t l g  designated as Z x n l o r e r  ?2 ... 

. I  

! . .  
I 

Tno Beacon Exp lo re r  w i l l .  carry a 10-pound a r r a y  of fused' . 
o l 1 I c ~ 1  glaio r e f l e c t o r s  designed t o  r e t u r n ' b a c k  t o  EarVn light 
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The planned orbital a l t i t u d e  of about  575 miles will 
place t h o  3ca on Explorer at a typical s l a n t  range of apprpx3.- 

. .mate ly  1,000 m i l e s  when I t  appears,! b y . r e f l e c t e d  sun l igh t ,  a o  * 
9 

. .  

. 

o star of about t.hc n i n t h  magnituGc--.20 l;i!nco f a l n t o r  than a 

o ta r  Ghich can be seen  by the nslced eye.  
I 

The laser system I s  mowii;eu 011 a n  I G O R  ( I n t e r c e p t  Ground 

O p t i c a l  Recorder ) .  t e i e s c o p e  normally used by Wallop's t o  t r a c k  

sounding roclcets.  ,Op.Grators will aim t h e  t e l e s c o p e  a l o n g  t h e  

p r e d i c t e d  p a t h  of  the Beacon Exp lo re r  and when they  l o c a t e  it;, 

. 

. t h e y  ~3.11 "flash" the l a s e r  'lSght.at; a r a t e  of  one flaoh pep 

. .  second.  
8 

Xf a l l  goes accokding t o ' p l a n ,  t h e  r e f l e c t o r  ai-ray trill. . 

'be illuminated and. ie i31 \ r e t u r n  a small p o r t i o n  of t h e  1igl1t' 

'_ ene rgy  t o  t h e  t e l e s c o p e ,  
* 

The r e f l e c t e d  c igpal  will be auto- . 

. . m a t i c a l l y  amplj.fj.ed p h o t o m u l t i p l i e r  tube. (a  dev ice  'that 

c o n v e r t s  o p t i c a l  t o  e l e c t r i c a l  s i g n a l s ) .  A d i g i t a ~ .  . ~ * 

0 .  

counter w i l l m c o ~ ? d  hoir \long it took  f o r  t h e  light Blgnal' t o  
. .  

. 

.. . . .  

n a t i o n  a t t empt s :  1!3.13. be delayed until *opi;ica$ sightings aro . .  
. . .  . . .  . . . . . . . . . . . . . .  ... 'pos63.bI.e. 
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. e  : .  . . .. . '  . : *  * 
I The measurements o f '  t ime betvieen . i n i t i a t i o n  o f  t h e  light;. 

I .' .I 

signal  and r e c e p t i o n  a t  the photomultip!l.ier w i l l  give t h e  

p r e c i s e  d i s t a n c e  of t h e  s a t e l l i t e  f o r  edch second of  time. 

These value; ~ l i l  be recorded .at the t e l e scope  slt2'and later ' 
8 '  . .  I - 1 .  

sent  to Goddard 'where $hey w i l l  be conpmed with d i g t a n c e s  

c a l c u l a t e d  f rom b t h e r  t r a c k b k  instruinents ,  such as NASA's 

I '  . 
i a 

.. I . I  
9 . I  

.Space Wack ing  and Data A c q u i s i t i o h  Network (STADAN)'. 

* I .  . ._. 8 . *  
* I  I ' .  I .  . 

- .. . .  
1 

-. I * . .  

.These o p t i c a l .  d i s t a n c e  me-asurenenfs a r e  exPected t o  be * 

more p r e c i s e  than  those  obta ined  through o t h e r  t r a c k i n g  pro-  
1 .* 

* . .  
. fcedures and. may be used t o  d e f i n e  t h e  B e a c o n ' c p l o r e r  satel l -  . * 

0. 

f 
' t  

. .  * .  

. ':*. l l t c  o r b i t  mol-e, as'curately,;. .. 'Of;her .$aser 'trackirig expe r ime i to  ' . .  I .  
. .  . 

w i l l  be p e r f o p e d  on te lesc 'dpes . .  n e a r  Goddard,' 0ver .a  .. . Zjeriocl . ..'. . ' 

.of se've$Al .months skter 4aGich. 
-... , . .  *. . .  . a  . . * 

. .  .. . . .  e ' .  

' Results Of t h e  expe7iments may l e a d  to '  a 'more d e f i n i t e  .. ; 

. d e t e r m l n a t i o n  of  t h e  Earthf  s shape and developnent  "of improved . .  ' 
.. . . .  . b '  

. oystenis f o r  ' f u tu re  'opt ical .  t r a c k i n g  and conmunicatkons.  ' . .  , . . .  e .  ' 
' * .  . :  . I .  

- .  
1 

.. . 
a 

. . .  The .laser 'system employs a s ix - inch  s y n t h e t l c  ruby  rod  . . 
.. . 

. which becomes ' h i g h l y  oe,ner&ized. as i t  . i fa thers  l i g h t  energy  . .  from 

a 'xenon g a s - f i l l e d  fla'sh-laI& . *  mo'unted ' c lo se ly  p a r a l l e d  t o  i t  
.. . .  

. ' 

'in a b k e i - i i k e  m c t a l ' a n d . g l a s s  housing;. 

qo t h a t  b o t h . e n d s  a r e  polished t o .  a c t  l i k i  rnirrdrs. 
light; from the.  f lash'- lamp':excites chrorniui acohs ; k t h l n  i h e  

&e rod.  i5 des1gne.d 
. .  . e .  

I .  * .  

The white . 
.. * .  

\ . .  . I . .  

.. ... * 

mby kod t.rhl_'ch %Hen re-ernlt' l i g h t  o f  . .  a w l f o r m  color' .  
.- . .  

a 
* I  

* .  . .I . .. - _  
;more- ' a  
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As t h i s  r e d  light i s  r e f l e c t e d  back and f o r t h  i n s i d e  
. ., * ** . 

t h e  rod, the '-bpuncing says h i t  o t h e r  e x c i t e d  chromium atoms 
8 . 

and "ctSmuLato" thcm t o  &Avo o f f  more red rays. .  ft 5.; from 

t h i s  s t imulated.  emission that  the  3,ase.z. ( l lghf ;  a m p l i f i c a t i o n  

Lhrou&h the stlmula$ed emission of radl.at3-on) g c t o  L t o  nmlic. . ... . 
Th2se r a y s  are  i n  phase with each o t h e r  and are  p a r a l l e l  t o  

each  o t h e r  as they  bounce back and f o r t h  between the r e f l e c t i n g  
. 0. 

. .  
' rod ends. S c i e n t i s t s  term t h i s  "coherent" '  f igh t ,  .In c o n t r a o t  

* tilth random sources  having d i f f u s e  c h a r a c t e r i s t i c o  such as 
\ I 
\ 

t h e  Sun, e l e c b 3 c a l  and neon gas lamps. . .  I .. 

t l i t h i n  a f r a c t i o n  of a ' m i l l l o n t h  of  a second th i s  c h a l n  

8 

. 

. .  ' -  of . the  rod which has been made more t r a n s p a r e n t  than  the o t h e r .  

*.!Pho l aser  l i g h t  can be di reo ted  i n t o  a narrow poncil. beam v h i c h  
I 
F 1. 

docs not  lose 11;s e f f e c t i v e  s t r e n g t h  b e f o r e  reachLng t h e  t a r g e t .  __  - 8 .._-_.._ .._- . .  1 . .  . _ -  _ _ -  . __ - -  - - - _ _ . _ _  _- 
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Earthbound s c i e n t i s t s  t r i l l  be d i r e c t j n g  t h e i r  l a se r  

beams t h i s  week toward the l a n d i n g  s i t e  of Surveyor  V I 1  . .  
. '  on the Moon t o  check t h e i r  ainiing methods for la ter  Apollo 

- - expcr lments .  

The t e l e v i s i o n  camera aboard the Sur'veyor spacecra 'f  t 

k ~ i l l  be used i n  a t tempts  to photograph  the "squeezed" beams 

. of light which can  be d i r e c t e d  from any one of a serl'e'k of I 

-1 1. 
.- SIX Earth s t a t i o n s .  

. .  
T e s t s  are planned on ' the  n i g h t s  o f ' J a n .  18, 19 and 20. 

* -  Prellmjnary exercises  were held Jan .  12 and 13. 

was s u c c e s s f u l l y  landed on the Noon Jan .  7 by the  N a t i o n a l  

Surveyor  VI1 

I+ 

-!+-: 
. .  

... ' .  
Aeponaut ics '  and Space Admin i s t r a t ion .  , . .  . . .  

. . .  . .  .. . .  

. .  ' 

. .  

. - .  . _  
-. -more- . . .  . .  
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Lasers a t  these Earth s t a t i o n s  throughout  t h e  c o u n t r y  

are coupled t o '  var ious  t y p e s  of t e l e s c o p e s .  The g r e e n  argon. . 

' s o n  laser beams t h e y  d i r e c t  a t  t h e  Hoon trill b6 o n l y  a* few 

. miles  wlc'leJ a t  the l u n a r  d i s t a n c e  o f  a q u a r t e r - m i l l i o n  miles, 

F a c t o r s  beyond the  c o n t r o l  of scientists on Earth such  

a s  glare frorn t h e  Sun entex-ing the  camera on t h e  Noon, and 

* t n l n l t l i n g  caused by atmospheric  t u rbu lence  on . E a r t h  may make 

d e t e c t i o n  d i f f 1 c u l . t .  

an cnhancemcnt t echn ique  l i k e  t h a t  used l a s t  y e a r  on t h e  Mars 

photos t aken  by N a r l n e r  I V .  

The photos  would then be p rocessed  by 

. .  

. I  ir ~ ~ , ~ s ~  e f i~ ' - - - -* - -  ' ~ I I C C A ~ L l l ~  e - - + -  U G Q U u  n n n r r n  y ~ v v r  Y U Y ~ ~ - - - - -  c i i r c ~ ~ , s f l 1 7  they p l f l l  

' 
hc lp  sclent l .s ts  evaluate t h e i r  techniqu'e for' aiming laser  - _  beams 

at o b j e c t s  i n  space .  The tes ts  are cons ide red  a prelud; t o  

a n  Apollo e x p c r h i e n t  t o  measure t h c  c l l s t i n c e  between E a r t h  . 
- '  1 

p o l n t s  and an  o p t i c a l  r e t r o - r e f l e c t o r  array on t h e  Noon, Tne 

*,ocheme would a f f o r d  a p r e c i s i o n  n o t  now a v a i l a b l e .  . 

. .  
Prof. C. 0. Al l ey  o f  t h e  U n i v e r s i t y  of  Maryland 's  

. Department o f  Phys ic s  and . .  Astronomy, i s  . p r i n c i p a l  i n v e s t i g a ' t o r ,  

a s s i s t e d  by P ro f .  Douglas Cur r l e ,  . .  of t h e  . .  same u n l v e r s l t y .  
a 
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- ._ Other scientists involved  and t h e i r  l o c a t i o n s  are 

Frof, S. K. Poultrley, U n i v e r s i t y  o f  P?aryla-id, and Dr, James- 

Brault, K i t $  Peak N a t i o n a l  Observatol-y, at the HcNath Solar 

Telescope , Tucson, I A r k  ; Prof .  . . James 1 -  F a l l e r  , tlesleyan Uni- 

v e r s i t y ,  Ididdletovrn, Conn. , a t  the- Raytheon Research Labora to ry ,  

\Isli;ham, r4ass.; D r .  Henry P l o t k i n ,  a t  NASA's Goddard Space 

Flight Center ,  Greenbelt ,  Md.; Drs. Rober t  Kingston and Hoyt 

Bosticlc,  a t  L lnco ln  Laboratory,  Cambridge, klass, ; Michael 

Shumate at Table blountain Observatory,  Brightwood, Calif '  , and 

0 

group from t h e  Perkin-Elnler Corp. , at Nortral.lc, Conn, a 
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~ h c  object ives  of experirncnt ~ 3 c - 4  were to evaluate an opt ic21 
conmnwiications system, t o  evaluate the f l i g h t -  crew as a pointing ele- 
ment, and t o  probe t'ne atrnosphcre using a n  o p t i c a l  coherent r ad ia to r  
outs ide the atmosphere. e 

. 8.14.2 Equipment 

!he cxpcriment equiprricnt consisted of a Gallium-arsenide l a s e r  
transniit tcr  ( f l i g h t  hardware) , and th ree  instrun;ented Ground c i t e s ,  
each cquippcd with a f lash ing  beacon and capable of co l l ec t ing  2nd de- 
modiilat i n c  cocled o p t i c a l  s ignals .  

The f l i c h t  l a s e r  t ransmi t te r  tias a small, self-contained u n i t  w'nose 
dimensions were 8.5 in.  by 5 in.  by 3 in.  
tical cohcrcnt power I n  shor t  burs t s  t h a t  were coded i n  a manner s imi la r  
to 2 hme rnovic camera. 
s microphone were attached ' i o  the  uni t .  
junction with a hOO-angstrcr, % X k z  foi. f i sc  t rack ing  of the  ground 
beacon was i n t eg ra l  t o  the  un i t .  

It produced 16 watts of op- 

Special  infrared safety ( spec t r a l )  glasses and 
A 6 - p o ~ c r  telescope i n  con- 

i 

The three ground s i t e s  specSally instrumented for  t h i s  equipment 
were located a t  the  White Sands blissile Range, ru'ew Kexico; a t  Gm2.i 
Island, €Iawnii; and a t  Asccnsion Island i n  t he  south At lan t ic  Ocean. 
Each s i t e  operated i n  the  same way. Each ernploycl an argon laser 8 s  
an o p t i c a l  bewon, each used large co l lec t ing  telescopes, and each 
slewed i t s  telescope nount t o  an or 'oital-track rcdar. Tne s i t e s  had 
instrumentation adequate for voice processing and determination- of 
high-frequency atmospheric e f fec ts .  

8.14.3 Procedwz 
! 

30th of the  f l i c h t  crew members vcre given preflight beacon track- 
ing experience i n  t h e  docking siniulstor room and experience i n  s ight ing 
the  unit i n  a f i e l d  s i t i i a t i m .  Data rccordcd on a spacecraf t  t e s t  were 

e f f o r t  t o  i s o l a t e  a11 deleter ious pnrarricters a f f ec t ing  the  b t a  and t o  
determine a mthod of eliminatinc them. The ult innte  coal is t o  iden- 
t i f y  atmospheric propert ies  affecting the  equiprent and t o  provide 
mthernatical models for future  dcsien e f fo r t s .  

t o  be c o q h x e n t c d  v i t h  s t a t i c  and a i r c r a f t  fly-by f i e l d  tes ts  i n  en 2 
I 
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the pass, it was clctcrrri-incd tliaf; LI slnving data-corrcctor pxl<::.ge n t  
t h e  ground s i tc  was not opcratinc properly and d-id no t  a l lov c l o x  
t racking  of the spacecraft .  

Revolution 104 over White Sands - A n  equipment f a i l u r e  and connpli- 
ca t ions  with safe ty  procedures delayed bores ightinG of the bezcon wit'n 
t h e  radar, and only a coarse boresight was accomplished. After  t'ce 
pass, it was detemined t h a t  t'ne boresight was off  by 3 bean srldt'ns. 

ii Revolution 119 over \*!lite Saniis - The crew o>ser?red t k  'cZLO,=ri 

mined t h a t  reversed s t s t o r  leads on the  grouncl caused a poor trac5. 
Y 

foy 2 gr 3 Swn!ld.S t.1.rice fill&EZ I:..he J-fter p s s  i+ Y..:?s &ter- 

. .  
??le argon lssers used as ground bcacons caused severe probler-s z t  

the IIc~wcrii and Ascension ctntions.  The sane tyge of lczser hed tr.5r;red 
w e l l  a t  White Sands during the Gctriini V mission-> md, i n  f e c t ,  y,rorI-_ed 
w e l l  c1uximG thc  Gemi.ni VI1 mission. Thc Ascension Is land s t z t i o n  VES 

not  able t o  Get a l a s e r  t o  operate beyond boresighting. i 
i 
! The problems encountcred with t h i s  experiment were corrected i n  . I  

t h e  f i e l d  with the  exception of the  l a s e r  deter iorat ion.  
has been re l ieved by equipment modifications, but it is not f u l l y  
resolved. 

This problem 
*, 

! 

8.111.5 'Conclusions 

Experiment 1.3C-Jk d id  not achieve any of t he  s t a t e d  objectives.  
However, the information g,ained docs indicate  the  follotring: 

(a) Beacon l a s e r s  with greater  adap tab i l i t y  t o  d i f f e r e n t  eaviron- 
ments arc necdcd. 

(b) A 1-wstt argon gas lnscr is v i s i b l c . a t  o r b i t a l  cZltitudes. 

. .  
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